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P R E F A C E .
The d istribu tion  o f power by means o f induction motors has the 
one serious objection o f commonly g iving a very low power factor.
The current is  not kept in phase with the electromotive force, andi
hence a la rger current is  required to transmit a given amount o f 
power. As there is  always som© resistance in commercial c ircu its , 
the unnecessary portion o f the current not only causes an I^R loss 
in the entire c ircu it , motors, transformers, lin e  and generators, 
but also in terferes  m ateria lly with the voltage regulation o f the 
system, tending to make ligh tin g  service unsatisfactory. R ea liz­
ing the above, we have selected th is subject, hoping to get some 
information which may possibly help to remedy the d if f ic u lty .
Special attention is  made to Alexander Heyland’ s method o f 
con tro llin g  the power factor o f induction motors. At the time the 
apparatus used in the tests  was constructed, there was comparatively 
l i t t l e  information on the subject which could be obtained, espec ia lly  
in regard to the proportions o f the machines used by the inventer, 
and therefore the proportions which we assumed were merely guesses, 
made with the hopes o f p ro fit in g  by experience. The only change
made from the orig in a l plans was the substitution o f woven brass wire 
brushes instead o f the orig ina l carbon ones. Mr. Heyland has pub­
lished some valuable information re la tin g  to the subject, (See page 
51) and several o f the diagrams and one table (See page 16) are tak­
en from his a r tic les .
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I M P O R T  A N C E.
The importance o f being able to control the power fac tor o f 
an a lternating current c ircu it to prevent the unnecessary copper 
loss, is  shown by the curve on page 4 which gives the per-centage 
o f  copper loss in transmitting a fixed amount o f power at d iffe ren t 
power factors, ca llin g  the normal copper loss at unity power factor 
100 %. I f  a certain  machine takes a lagging current, its  e f f ic ie n ­
cy, as measured in the testing  room, consideres only the copper loss 
in the machine proper, but at the same time the transformers, trans­
mission lin e and generators are compelled to work at a disadvantage 
on account o f the abnormal current taken by the motor. Often the 
output o f a generator is  lim ited by excessive heating caused by 
wattless currents, before the rated output in kilowatts is  reached. 
I t  would only be fa ir  to charge th is extra d issipation  o f heat to 
the machine causing i t ,  although i t  appears in other parts o f the 
c ircu it.
Station managers have, no doubt, been backward in introducing 
induction motors, which have h itherto injured the quality o f th e ir  
ligh tin g  services. The poor regulation o f the voltage caused by 
lagging currents is  not only due to the extra. RI drop in the c ir ­
cu it, but also to the armature reaction pecu liar to the synchronous 
generators usually used.
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P R E S E N T  M E T H O DS.
Up to the present time the power factor o f c ircu its  has been 
controlled by condensers and over excited synchronous motors or con­
verters. I f  a group o f machines is  taking a lagging current as 
shown in F ig. 1 by and I 2 is  a leading current taken by an over 
excited synchronous motor or condenser, the resultant current furnish­
ed by the generator, or I 3, may even be less than 1  ^ in case angle 
9 is  over 90 degrees. To save unnecessary lin e  loss, the compensa­
tin g  device should be placed near the machine to be compensated, 
Condensers have only been used as compensators fo r  induction motors 
up to about 5 horse power sizes. (See General E lec tr ic  Company’ s 
B u lletin  #4289.)
Synchronous motors are seldom used in ordinary power d is t r i ­
bution on account o f th e ir  poor starting  qua lities. Synchronous 
"converters, as used to convert a lternating current from a trans­
mission lin e  to continuous current fo r  loca l d istribu tion , give a 
very sa tis factory  control o f the power factor o f the line. But i f  
a lternating current is  used fo r  d istribu tion  i t  is  very expensive 
to keep synchronous motors running just fo r  compensating purposes, 
fo r  i f  a synchronous motor is  adjusted to take as heavy a leading 
current as possible i t  p ra ctica lly  loses it s  value as a power motor
or as a converter.
r 'S  2
H E Y L A N D  ' S M E T H O D .
Mr. Alexander Heyland o f Berlin , an experienced designer o f 
induction motors, has developed a method o f con tro llin g  the power 
fac tor o f asynchronous motors and generators, by applying what cor­
responds to the exc itin g  current o f a synchronous converter. Since 
the magnetic f ie ld  produced by the stator o f an induction motor is  
in synchronism with the applied E. M. P. , exc ita tion  can be accomplish­
ed through the rotor from the same source o f supply, and when pro­
perly adjusted the excitation  must stay in proper phase re la tion  
with the stator magnetic f ie ld ,  regardless o f the rotor slip . Mr. 
Heyland's o r ig in a l method in accomplishing th is, was to apply e x c it­
ing current to the rotor through a commutator short circu ited as 
shown by Fig. 2. The drum wound rotor operates as an ordinary 
wound rotor, and the commutator is  simply fo r  applying the exc itin g  
current to the rotor which produces a counter E. M. F. »about equal 
and opposite to the applied E.M. F. , just as is  done in a synchronous 
motor by the fie ld . An induction motor excited thus, acts in many 
ways as a synchronous motor. I t  w il l  take a lagging current i f  
under excited ; a leading current i f  over excited and w i l l  operate 
with a fa ir ly  good power factor on a wide range o f load with con­
stant excitation . Mr. Heyland, in one o f his a r t ic le s  in the Elek- 
trotechnische Z e itsh r ift ,  makes the statement that an excited induc­
tion  motor has a l l  the advantages over an excited synchronous motor, 
that an unexcited induction motor has over, an unexcited synchronous 
motor, excepting, o f course, the exact speed o f synchronism. How-
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evar, ths s lip  o f an excited induction motor is  probably less than 
fo r  the same motor unexcited, and a negative s lip  can be produced 
by over exciting.
I f  a rotor with a short circu ited  commutator is  running in a 
revo lving f ie ld ,  there are 360 e le c tr ic a l degrees fo r  every pa ir o f 
poles, so i f  i t  is  desired to excite  with two brushes they should 
be set 180 e le c tr ic a l degrees apart. I f  a motor is  running on two 
or three phases, exc itin g  with but one phase is  l ik e ly  to unbalance 
the phases so best results are obtained by exc itin g  with the same 
number o f phases as are used on the stator. For two phase exc ita ­
tion  two pairs o f brushes should be used, set 180 e le c tr ic a l degrees 
apart, and 90 e le c tr ic a l degrees between pairs. Three phase exc i­
tation  is  accomplished with three brushes set 120 e le c tr ic a l degrees 
apart. In any case, the connections should be so made as to pro­
duce a rotating f ie ld  in the same d irection  as the rotating f ie ld  
produced by the stator current. Generators may be compounded by
placing brushes on the commutator in series with the stator c ircu it 
in such a position  that the stator current w i l l  increase the induced 
E. M. F.
On account o f the losses in the commutator short c ircu it in g  
resistances, Mr. Heyland developed windings beginning with Fig. 3. 
Most o f Mr. Heyland*s machines are three phase, and he claims that 
best results are obtained with machines o f that style. I f  the short 
c ircu it in g  resistances between commutator segments are l e f t  out as 
shown in Fig. 3 ,the rotor w i l l  revolve as a repulsion motor i f  the 
brushes are short circuited. As there w il l  be some loss and spark­
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ing when adjacent commutator segments are short c ircu ited  by a brush, 
Mr. Heyland developed an open c ircu it type o f winding as shown by 
Pig. 4 which has brushes and commutator segments o f such a width 
that in no possible position are any o f the c o ils  short circu ited.
As the torque o f such a motor would not be continuous, a second but 
independent Y is  connected to the segments midway between the f i r s t  
ones as shown by Pig. 5. The same design was carried a step farther 
by putting two a s  between the Ys as shown in Pig. 6, using 12 
segments and 6 s lots per pair o f poles. Pig. 7 shows the proper
brush span using two a s , and P ig .8 shows that but one h a lf the 
brush span is  necessary i f  two Ys and two a s  are used together. 
With such an arrangement, excitation  is  produced by means o^ a trans­
former, having about 5 % o f the capacity o f the machine, put in 
the brush c ircu it as shown in Pig. 17. Short c ircu it in g  resistances 
may also be used with these windings, but they need not be put on 
the rotor i f  the brushes and commutator segments are arranged as 
shown in P ig. 9. F ig 's  4 , 5 , 6 , 7, 8 and 9 are fo r  two pole sta­
tors, while Fig. 10 shows a method o f applying the arrangement shown 
in Fig. 9 to a 4 pole stator. With the exception o f the exc itin g  
transformers, Mr. Heyland's la tes t developments seem to be the Thom­
son repulsion motor applied to polyphase and multipolar designs. (See 
pagé' 51 fo r  references. ) By varying the amount and d irection  o f 
the exc itin g  current, the speed o f the rotor can be varied within 
wide lim its , but at the sacrifice  o f  the power factor.
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A S Y N C H R O N  0 U S G E N E R A  T O R S .
Asynchronous machines, excited as shown in P ig 's  17, 18 and 19 
w i l l ,  i f  driven by external power, operate as s e lf  exc itin g  gener­
ators e ith er in multiple with sim ilar machines or synchronous ma­
chines or even alone, sim ilar in many ways to continuous current 
shunt wound generators. As the iron c ircu it o f such a machine is  
laminated, i t  is  necessary to produce momentary in i t ia l  excitation  
from some external source, a fte r  which the machine w i l l  continue to 
run s e lf  exciting. The frequency o f such a machine is  s ligh tly  
below the frequency corresponding to the speed at which the rotor 
is  running. I f  a machine is  operating as a motor the d ifference 
o f the synchronous speed and the rotor speed is  ca lled  the slip . 
S im ilarly, i f  the machine is  operating as a generator, the d ifferen c 
o f the frequency corresponding to the speed o f the rotor and the 
frequency o f the current could be ca lled  the frequency slip .
Connections fo r  compounding are shown in P ig 's  17 and 18. Par­
a l le l  operation o f induction generators or induction generators and 
synchronous generators is  as simple as running continuous current 
shunt wound dynamos together, excepting that proper d iv is ion  o f the 
load should be accomplished by proper re la t iv e  speed. I t  is  unne­
cessary to synchronize or to compare the p o la rity  before throwing 
them together. I t  is  only necessary to compound one machine o f a 
group, fo r  the compounded machine w il l  set the voltage fo r  the 
others, hnd hence no equalizers are required.
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M A C H I N E S  D E S  I G N ED B Y  MR.  H E Y  L A N D ,
F ig 's  13 to 16, with the description on page 16, give the la t ­
est data o f machines constructed and under construction by Mr. Hey- 
land. Fig* 10 is  the appearance o f an ordinary induction motor, 
and Fig. 11 is  the same machine with rotor f i t t e d  fo r  excitation.
As the power factor is  under control, i t  is  possible to make the 
s lots  fewer and deeper without any e v i l  e ffec ts . Also fo r  the same 
reason the iron core may be made wider and smaller in diameter than 
ord inarily , resu lting in a machine having a small appearance fo r  i t s  
capacity.
Up to the present time induction generators have not met with 
any practica l application, because they were capable o f furnishing 
only an undesirable leading current, but with excita tion  the power 
fac tor depends on the external c ircu it as witji a synchronous gener­
ator.
I f  so desired, the excitation  can also be done with a small 
independent winding on the rotor.

F,g.
P r o p o r t i o n s  o f  U n i t y  P o w e r  / a c t o r  M a c h i n e s  
D e s ig n e d  b y  A l e x a n d e r  H e y l a n d .
D e s c r /  p t / o r ?
Iron
stator
%-
rotor
Kg
Copper
stator
<P
rotor
W
Iron
per
K.W.
w
Copper
per
K.yv.
r q
Commutator Iron
lo s s
*
Copper
/OSS
%
D ia/77 .
m m
iencjlh
m mM o t o r s
/3 40 H .P ~ S O O V ~  S O ---- 250 I IS 7 .S 3.6 200 7 0 6 4
SOH.R-aOOiV- 4 3 —  -1 0  Pole -  M. 4 8  S 164 9.7 3.3 250 3 0 _ S 3
IF /20H .P .- 6 0 0 / -  60---- M. 410 24S 4.1 2.S 2S0 8 0 4 3
G e n e r a t o r s
/s~ FOOK.WrZIOOV.-FO----2 Pole - 3/oo 320 6.2 0.64 200 26 0 3 2
SO K. W -/ OOOV—50 -------------- & Pole —485 JSZ 9.7 3.03 200 100 S 7
SO K .W .-3600V-S0 '---P o le  -  750  R  P M . SOO 200 II. 2 4.0 200 100 6 S
/OOK.W -1000V - 2 5 -  ~ 6 Pole -  SOO R. P. M . 1730 270 17.3 2.7 2 00 JOO s 4
16 2 5 0 K .W -5 0 0 y -5 0 ~ - 10 Pole. -  SOO R . P  M . 26/0 462 /0.4 1.84 300 ISO s 3
From F T  X, /9o3.
- 17 -
DESCRIPTION OF MACHINE ON WHICH TESTS WERE MADE.
NAME AND TYPE:- The machine which was used in making these ex­
periments was a Westinghouse, 2 phase, 2 horse power, 7200 alterna­
tions, type C, induction motor, No. 135698, running at 1700 R. P. M. 
at fu l l  load.
STATOR:- The stator has 72 s lots  and 4 poles, or 9 s lots  per 
pole per phase, and 32 No. 20 B. & S. copper wire per s lo t , which 
makes the cross section o f copper per inch o f circumference equal 
to 91000 c ir. mils. The winding is  in 8 c o ils  , the ends o f
each c o il coming to a terminal board on the top o f the machine.
ROTOR (SQ,UIRREL-CAGE):-  The rotor which was in the machine or­
ig in a lly  was a simple squirrel-cage rotor, 8 inches in diameter , 
with 39 s lo ts , containing copper bars 6-3/4 inches long and .31 o f 
an inch square, thus making the cross section o f copper per s lo t 
equal to 122000 c ir .  m ils, or 189000 c ir. m ils per inch o f circum­
ference. The connections at the ends were made by bo ltin g  the 
bars to brass rings 7/16 o f an inch thick by 5/8 o f an inch wide.
ROTOR (WOUND):- There was an extra unwound rotor with th is 
machine, and th is  was wound and f it t e d  up with a commutator and 
used in the experiments fo r  increasing the power factor. The 
winding was o f No. 9 B. & S. double cotton covered copper w ire, 
and was wound according to the w iring diagram shown in Fig. 20. 
This gave 4 conductors per s lo t, making a to ta l cross section o f 
copper per s lo t o f 52300 c ir. m ils, or 81200 c ir .  mils per inch o f
The resistance per c o il was .0030 o f an ohm.c i  rcumf e rence.
- 1 8 -
To make room fo r  the commutator which was placed on th is  ro­
to r, i t  was necessary to redesign the bearing on one side o f the 
machine, and th is  was done according to the drawing shown in Fig. 
21. The drawings fo r  the brush holders and rocker arm which go 
with the bearing are shown in Fig. 22.
Between each segment o f the commutator was placed a short 
piece o f No. 13 German s ilv e r  w ire, having a resistance o f .0036 
o f an ohm.
SOURCE OF EXCITING CURRENT:- The exc itin g  current was taken 
from the same a lternating supply as the stator current, but was 
run through a 24 : 1 transformer, thus g iv ing a very heavy cur­
rent with a low voltage at the brushes. Carbon brushes were used 
at f i r s t  but they offered such a high resistance to the exc itin g  
current that, with the transformers used, su ffic ien t current could 
not be obtained to bring the power factor up to unity, and brushes 
made o f fine brass wire mesh were substituted. The diagram in 
Fig. 19 shows the connections fo r  obtaining the exc itin g  current. 
The brushes on each phase were 90 degrees apart and the adjacent 
brushes on the two phases were 45 degrees apart.
it
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Diagram of connect)ons used in
test on machine when run either as asyn­
chronous motor or generator.
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I.
I I .
I I I .
IV.
V.
T E S T S .
Five running tests were made on the motor,
With commutator segments on wound rotor short circu ited  with 
low resistance and with excitin g  current.
With commutator segments on wound rotor short circu ited  with 
low resistance and with no exciting  current.
Without short c ircu it between commutator segments on wound 
rotor and with exc itin g  current.
Without short c ircu it between commutator segments on wound 
rotor and with no exc itin g  current.
With simple squirrel-cage rotor in place o f wound rotor.
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DATA TAKEN DURING TESTS:- In these tests  the voltage was kept 
constant with Westinghouse 0. D. transformers and potentia l reg­
u lator, and the pressure on the two phases was kept balanced by 
means o f a bank o f lamps in each phase.
The readings taken were current and watts in each phase o f the 
stator, current and watts in each phase o f the rotor, power factor, 
speed, s lip  and pu ll on brake wheel in pounds at a radius o f 5.65 
inches.
METHOD OF OBTAINING SPEED:- The speed was obtained by means o f 
a small d irec t current magneto generator, belted d ire c t ly  to the 
shaft o f the motor. As the f ie ld  o f the magneto is  constant, the 
voltage varies d ire c t ly  with the speed, and by sh iftin g  the brushes 
a voltage can be obtained so as to read speed d ire c t ly  on a v o lt ­
meter.
METHOD OF OBTAINING PULL ON BRAKE WHEEL:- Two calibrated spring 
balances were fastened to a tripod which was set over the brake 
wheel. A rope, which passed over the wheel, was fastened to each 
o f the spring balances, and the tension on the rope was obtained 
through a hand wheel and screw to which one o f the balances was 
fastened. The d ifference in the readings o f the two balances gave 
the pull in pounds on the brake wheel at a radius o f 5.65 inches 
which was the radius o f the brake wheel.
METHOD OF OBTAINING SLIP:- The s lip  was obtained by means o f a 
paper disc about 4 inches in diameter, and having 8 a lternate ly  
black and white sectors, which was fastened to the motor shaft.
- 2 2 -
An alternating arc lamp which received its  power from the same sup­
p ly  as the stator o f the motor, was hung so that i t  threw its  ligh t 
d ire c t ly  on the disc. I f  the motor, which has 4 poles, revolves 
in synchronism, the interm ittent flashes o f the alternating arc 
w i l l  illuminate the black and white sectors at the instant that 
they have advanced l/4 o f a revolution, and as the disc carries 
4 equally spaced sectors there w i l l  be no apparent motion o f the 
sectors. I f ,  however, the motor is  running below synchronism due 
to i t s  s lip , the sectors w il l  have advanced something less than 1/4 
o f a revolution between flashes, and w il l  appear to move backward 
slowly. I f  the displacement amounts to one apparent revolution 
o f the disc to ninety-nine revolutions o f the motor, the s lip  is  
1 % , or the number o f black sectors passing a given point per sec­
ond, divided by twice the frequency gives the s lip .
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T E S T S  I.- & II.
Tests I. & I I .  were taken at the same time. A load was put 
on the motor with just enough exc itin g  current put through the com­
mutator to bring the power factor up to unity, and the instrument 
readings were then taken. The exc itin g  current was then cut o f f  
and , with the load kept the same, other instrument readings were 
taken. This was repeated fo r  several d iffe ren t loads up to an 
output o f 2 H. P. as shown in the data on pages 25—28 and from 
these data the curves on pages 29,30,31 & 32. were plotted. The 
curve on page 29 shows the e ffe c t  o f the exc itin g  current on the 
s lip  o f the motor when the motor was running without load. The 
s lip  without exc ita tion  being about 2 and with an excessive ex­
c it in g  current the motor ran over 2 % above synchronism. This 
could be done fo r  only short in terva ls at a time, as the carrying 
capacity o f the commutator and rotor windings was too small to 
carry the current fo r  any length o f time without excessive heating.
The curves on page 30 show the watts input with and without 
the exc itin g  current. The input to the stator was less when the 
ro tor was excited than when unexcited, although the to ta l watts in­
put was greater when excited than when unexcited fo r  the same out­
put. This was la rge ly  due to the rotor winding, fo r  when the ro­
to r  was wound we had no d e fin ite  knowledge as to the amount o f cop­
per and the number o f turns to put on i t ,  and i f  smaller wire with 
a la rger number o f turns had been used, b etter resu lts would prob­
ably have been obtained, because the number o f amperes furnished
- 2 4 -
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the rotor would have "been less. As the tests were run, about 165 
amperes per phase were required at 1.8 vo lts , but a very large 
portion o f this energy was los t in the resistance o f the brush con­
tact and the resistance between segments. The transformers used 
were worked fa r  above th eir rated capacity, and as the reading o f 
the exc itin g  current had to be taken on the primary side o f the 
transformer, i t  was impossible to get accurate data on the watts 
fo r  exc ita tion  in these tests. The resistance o f the brush con­
tact on the commutator varied and in terfered  considerably with the 
heavy current flow ing at the low voltage used.
The curves on page 31 give a comparison o f the average sta­
to r  current per phase when the rotor is  excited and unexcited, and 
also the copper losses fo r  the same cases.
I t  can be seen that the average stator current is  much less 
when running excited , especia lly  when the motor is  running without 
load, as i t  is  then that the wattless component o f the current in 
an ordinary induction motor is  always very high proportionally.
The curves on page' 32 giving the s lip , e ffic ien cy  and power 
fac tor with the rotor excited and unexcited, are s e l f  explanatory.
One thing which was noticeable in making th is test, was that 
the motor ran in synchronism at no load and had a tendency to stay 
in synchronism fo r  ligh t loads, fo r , as i t  began to have a s lip , i t  
appeared to s lip  from one pole to the next by jumps.
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t e s t s  I I I .  IV.
Tests I I I .  & IV.. were run together the same as tests I. & I I .  
The d ifference between these and the f i r s t  two was that the German 
s ilv e r  resistance wire between the segments o f the commutator was 
removed,, thus leaving the commutator segments open circu ited  except 
fo r  the c ircu it through the brushes, The data taken in these tests 
are shown on pages 34 -  37 andfrom these data the curves on pages 
38, 39 & 40 were plotted. Pages 38 & 39 show the d iffe ren t losses 
and the watts inputs and page 40 gives the comparative curves o f 
s lip , e ffic ien cy  and power factor o f the motor when running excited 
and unexcited.
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ORI GI NAL  D
o r
Tr s T on  \a/ ou ND R o to r  w it h  
NO RESISTANCE BETW EEN  SEGMENTS 
Ex c i t e d  Vo ltag e  no
/ fo o s
I * / s o sV\7/r
/1-0/0 
I ß
/S O ûW f i
WaHs Com E per Rinse P u //#  o* Speed Syt7. Speed
/ /  zs IC O /. % M o 7 7 0 / 7  90 /7ŸO
2 2.7 2  90 3 .5 3 ? 0 7 / 2 - 6 77 20 /7 9 0
3 3 r 3 9 0 A T A-70 7 9 S -  o /67Ò 7790
A~ A ? s z c 525 S ÏO 5 6 6 - / A 1630 1790
S 5 .6 6 o o 6.A- 7 Z 0 7 2 ? - ? /6  00 7790
G 6 .S 7 2  0 7 ? 1 6 0 (d 3 1 0 - /5 /SZO 7790
7 7.6 ? 3 0 17 9 6 0 6 ? l 3 - /0 )A ? 0 7790
7 I I . / /ZOO H 9 1350 5 5 / ï ' 7 133 0 1790
? I A T /  66 /  6. 0 7 Ï0Ô 3  0 2 3 - /5 /Z  50 1790
/o 1 7 .? /9 0 ô /? .  2 2CZC 2 3 3 5 - 0 U S O 7790
n 1 9 .7 z o o o i i s Z o ï c 2 5 3 5 - 7 1 / 7 5 7790
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C o r r e c t e d  Dr t r
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Te s t  on  Wound R otor  With 
N o R e s is t a n c e  B e t w e e n  Segm ents  
Ta c it e d
T/r Wn l a Wa Tqy Wr
I V r  
+ £ x Pu ll Speed slip H.p.
I /. 2 5 /30 1.7 l? o 1. 4 k 3 / 0 4 7 0 0 1790 o 0
3 a.k 2/0 3 .4- 320 3 0 bSO 7 ? 7 2 .3 1720 3.9 . 3 5
3 3 .2 370 4 ./ 470 3 .6 240 920 CT.O 1670 6 . 7 • 75
4 4 .6 S/0 5 2 570 4.9 10% 0 /240 6 ? 7630 9.3 / CO
5 5 6 590 6 . 4 7/0 6.0 /300 /420 2.5 1000 ¡0.0 1.22
6 6- (d 710 7. ? 250 6.2 7560 /6/0 10.9 1520 15.1 1.43
7 7T° 230 £ .7 ?50 2.1 I7?0 / i ? o //■  6 1420 17.3 1.5  4
2 117 7190 /2.2 7340 11.9 2 5 3 0 2 640 / S * 1330 2 5.7 2.20
9M-.9 7(>b0 /6.0 7720 15.4 3 4 4 0 3 570 2 3 ? 1 2 5 0 30.2 2.70
JC n .7290 /?-2 2 ooo lf.0 3 * ? 0 3940 3 5 . 0 1/3-0 3 5 ? 3 .60
// i l 7 2 000 /2 5 20 60 l i b 4060 4100 3 5 . 5 II75 3 4 .3 3 .7 5
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T E S T
In test V. the orig ina l squirrel-cage rotor was put back in 
place o f the wound rotor, and a tes t was run with that. Prom the
data given on pages 42 & 43 the curves on pages 44 & 45 were plotted 
and need no explanation.
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Or ig in a l  Data
o rTe s t  on Sq u ir r e l  Cage R otorVoltage ho
is-ooeTh isosWp /‘f'O/OI b /SOOIAIa Pu l l# oxSpeed 3 y/7. Speed/ 5.7 no 9.9 / / O O S/o Szo
2 6./ 320 S? 3 4 0 3-/2 17^0 ft 4 73 (>.fS 5 /0 (=.75 s/o 6-3 / 7 SO47. 030 7.5 630 7-4- / 730 /7/0?.7S 790 7.675 7 9 0 1 0 ' /  0 17/0 / 7 JO& 7* 9 4 0 JOJ ¡ 0 0 0 / 3 - Z /G90 m o7 JO. 6 / 0 6 0 // 7/ 170 J4-/S JG&O m o& JJ.9 / z o o /S .6 / ZSO /¿-6 / ( *S0 m o9 J 2.9 1390 /2.7 /370 S-2 / 6 2 0 /7/o/o J+.O /SOO /4.9 /SOO 2 0 -2 /sto ¡7)0// JG.S J7 /0 J3.0 /300 ¡ 9 - 7 /S70 S / o/s. /7.4 / 9 / o ¡4 .0 / 4 / 0 20 -2 / 470 S/o
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Co r r e c t e d  Orta
or
T e s t  o n  S q u i r r e l  C a g e  R o t o r .
í/OLTñG  eno
r * W ñ Im \A/ß
fp
73/7 Speed S / ip h .f =>.
/ S. 7 90 +  9 n o 0 / i / o .S S 0
2 6.2 3 00 S . Î 2 9 0 3.7S 77 90 3.7 0.6
3 7 0 S 9 9 S 6.7S S O S 6 / 9 7 7 SO 9 / 0.97
9- 7 / 6 SO 7.S 6 20 7.25 /7 3 0 9 -9 U 2
s U S 7 Ì S Î S 7 iO 70.62 /7  / 0 S O 1.63
6 / o . l 9 3 S 70.2 9 9 S Z3./2 7690 6.6 2.00
/ n .  i /OSO IS O 7/60 79.94 76 60 9.3 2. *3
? J 2 .S t /9 0 / 2.6 /240 /6.3Í 76S0 9.7 2.?3
? 7<3.S 7390 /2 .9 / 3 i o 79-/2 7620 7 0 S 2.6Ä
70 / + . ? ÌS00 7S.2 /990 20.13 /S20 72.7 2 . Î S
// 76.S 77/0 / 3.0 7300 ¡9. SO I S  70 73.2 2.74
/£ / ? . + 7900 79.0 79/0 2 o / a 1470 / S O 2.S4
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Horse Power Output
P erform ance  of Motor w ith  
ordinary Squ i r r e !  Cage ñ o to r
SELF EXCITING GENERATOR.
The brashes on the motor were short c ircu ited  through the 
transformer, and the motor was then driven as a generator by a var­
iab le speed, d irec t current motor. The machine would not "pick uc" 
and excite  i t s e l f  as a generator, but i f  once excited from some out­
side source while running, i t  would continue to excite  i t s e l f ,  and 
the voltage would vary with the speed, as shown by the curve on 
page 47. The generator would lose it s  voltage i f  the brushes were 
raised even fo r  an instant, and would have to be excited again be­
fore i t  would run as a generator. No trouble was experienced in 
running the machine as a generator in p a ra lle l with a synchronous 
generator.
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COMPARISON OP RESULTS.
On page 49 the curves are shown giving the copper loss fo r  
d iffe ren t rotors. These curves show that the wound rotor, having 
the short c ircu it in g  resistance between commutator segments removed, 
gave the best resu lts, while the squirrel-cage rotor had the high­
est copper loss.
Making a comparison o f the power factors on the d iffe ren t 
tests  with the rotor unexcited, i t  is  seen that the power factor 
reached 86 % in a l l  three cases at the rated fu l l  load output o f 
the motor, while at no load i t  was only 17 % when run with the 
squirrel-cage rotor, 27 % when run as a repulsion motor and 38 % 
when run with short c ircu itin g  resistance between commutator seg­
ments.
The s lip  was greatest when running as an excited repulsion 
motor, reaching 20 % at an output o f 2 H. P. With the commuta­
tor segments short circu ited  with resistance and excited, the s lip  
was only 6-1/2 %, and about the same with the squirrel-cage rotor.
■yoJ.Ok/ O’ZVOO'TQ L/JL/M azk/ûs'&zy 
S'// 5^.rrO*7
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SUMMATI ON OF THINGS ACCOMPLISHED in  experiments.
The machine was operated at unity power factor when run as a 
compensated or repulsion motor; was run as a s e lf  s tarting single 
phase motor ; would start in e ith er d irection  on single and even on 
two phase according to the position  o f the "brushes ; was run as a 
variab le speed motor, e ith er on single or two phase, the speed "be­
ing controlled by the position o f the brushes and the d irection  o f 
the exc itin g  current ; was run as a s e lf  exc itin g  generator with 
the voltage varying as the speed.
When run as a repulsion motor the sparking at starting  was 
very bad, but showed no tendency to spark when running at normal 
speed, regardless o f the load. The sparking at starting seemed to 
be due to the current flow ing between adjacent commutator segments 
when they were short c ircu ited  by a brush. This is  probably a l l  
eliminated in the open c o il winding developed more recently by 
Mr. Hey land.
R E F E R E N C E S ,
Induction Motors With Unity Power Factor.
E. T. Z. 22 Í 52:633-Aug. 8,1901. E. W. & E. 35:15:658-Apr. 12, 1902
ft 22:50:1021-Dec. 12,1901. tt 40:15:584-Oct. 11, 1902
!» 23: 2: 30-Jan. 9,1902. tf 40:17 : 670-0ct. 25, 190°
ft 23: : -June 26,1902. tf 40:19:754-Nov. 8, 1902
Í» 23: : -July 3, 1902. »f 40:22:871-Nov. 29, 1902
ft 23: : -July 17,1902. !» 41:11:442-Mar. 14, 1903
ft 23: : -Aug. 21,1902. ft 41:12:47 9-Mar. 21, 1903
ft 23: : -Oct. 16,1902. W.E. 30:10:163-Mar. 8 , 1902
ft 24: 4:51—Jan. 22,1903. »» 30:11:176-Mar. 15, 1902
ff 24: 5:72 -Jan. 29,1903. L. E. : : -Aug. 16, 1901
»» 24: 6:95 -Feb. 5 ,1903. tf : : -Jan. 24, 1902
Thomson’ s Repulsion Motor.
E. W. -■9:22: 259-May 28,1887. A» I. E. S. - : May 17, 1902
S. P. Thompson* s Dynamo Elec- L. E. 25:28:97-May 30, 1890
tr ie Mach. 1893 Ed. p. 702.
Power Factor Indicators and Meters.
E. W. & E. -36 : 17:641-Oct.27,1901. A. I. E. E. -18:488- Aug.22, 1901
ft 37 : : 688-Apr.27,1901. J. I .  E. E. -21:594: 1892
ff 38 : : -Aug.22,1901. Phys. Rev. Nov. 1902
ft 40 : 7 :145-Aug.16,1902. E. T. Z. 20: : 120 1899
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D E P T  of E L E C .  ENG.
U. of /.
Wiring Diagram 
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